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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a gallium nitride 
light-emitting element in high slope efficiency and high- 
reliability with its life prolonged by suppressing a braking 
of the end surface of the light-emitting element during 
the high-output operation of the light-emitting element. 
SOLUTION: A gallium nitride light-emitting element is 
formed in a structure that more than one layer of low 
reflective films having refractive indexes lower than that 
of a gallium nitride are laminated on a light emitting side 
mirror surface, in such a way that the refractive indexes 
become lower in order from the light emitting side mirror 
surface, and the first low reflective film directly over the 
mirror surface is formed of one kind of a material of 
either selected from among a Zr02, an MgO, an AI203, 
an Si3N4, an AIN and an MgF2. Moreover, a protective 
film consisting of one kind of a material of either 
selected from among a Zr02, an MgO, an Si3N4, an AIN 
and an MgF2 is formed on the mirror surface and a high 
reflective film formed by alternately laminating low- 
refractive index-layers and high-refractive index layers is formed on the protective film. 
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l«I«©«!l»4»SCi*i-C*S. Xh5-/^tt©7*hv^jr*»«L. xac?*S 

[ 0 0 3 l ] Hife©^ 1 i 2 Ccfct^TB. »S BK J: 0 X h 5 -f (flS$©±SUc&4a$#) 5 m 

CC. Sfb®*«f*»«iELOG^S^{Cj: m, Xh^-f^lHR (EIS©]£»£&S»#) 10nm 

^^snfca{t^¥«ftH^WT4i7-7 7^7^©M iCM^-r.>^snfcs i o 2 st«xu r 

WME*fflt»te«l*wLfc*«, ELOGfiRfiffiK<fcOJI5 I EggtcJ;*? S i 0 2 BCWWStlT^fcl^KMJT 

)3E3nfca{t«l¥»«t»**OttC>a«l«*ffl(,>fc» >F-^GaN13 3*i«3 1 ^fflfSS-Cx „ 

^(c*jc»t*>. 3us©^»isc;2ipi«a«i**s»6 ^^uria^^-rsciicj;^, Dnawwffl«:7> f 

ttSCittSSS-TfcttO. -7'GaNJ13 3£gStti3ttfcft. £ja$±»©S iO, 

[0032] mmmm2 cc*5ws*ujs*wj, #kww £B£*u/<:. *cc, sjesswcc't ? f u ^ii-c. m 

*ffi^©{£Kirtl. WKWHOJBldWffiiOTB. 40 fM/XKTMG. 7>*-7*EC>. 7>F-^GaN 

(DBmi i|§ia©^ffiT?fc3^Rr5CittnI«fi-C*4 Jf 3 4 * 2 *x m©JSJf -CJ&R3 ttfc. 7>F-7'GaN 

^ffiSfc!)W+MUC< < . ^'-tftCJ&fiXf 5©# ■3 3t7>F-^ , GaN)13 4t*»6&4T»)i». 

siir$>s©r, mmmm 1 ©^©ft(c^©j; 9 k *^#ji£B^&&Ji ©i&fiKfc^TSfii u-cf^ 

[0 0 3 3 ] pS=Of * Hl^fiScgU, ffiffiK{bUfc [0 03 8]», figlOSO-CT. Jl^tC^'XCCT 

ft. nS3>*?HOiI*i5? i >j'KJ:5»ll3 MG. r>^r*ffll>. ^fi«J^5Ci/7>^X (S 

*©ISK:*ffij*M. *S«W©«Ji«fflfci7 i H 4 ) S i £3 x l 0 1 8 /cm 9 F-^L 

^>yicj;0^-rs„ -r^*D^-€-©x^^>y(Cct'3 fcGaN*W5nS3>^^ hg3 5?r4 Mm©MJ¥ 

ycc «fc o &bhtcfttommmto£vmMimmicm 50 [ 0 0 3 9 ] >xjc. ss?: 8 0 0 -etc t/c. jii4*'x{c 



TMG, TMI ( F U ^;W>y>?A) &c>*7>*~ 
T*ffiC». 3*W#*K5'7>#X*flIt>. Si?5x 
1 0 1 8 /cm 3 F-^Lfcl n 0 . , . Ga, . . » 
NJ:9fc**5?*l»JlJi3 6*lW0. 15ym-CfiS 

[0 04 0 ] fiK£ 1 0 5 0 °C5C , M£M/X 

(CTMA (FyyJ-W^^A) , TMGSO*7> 
-t-r^rfflU. 7> F-T'OA 1 o . iiGa., , « 
N?2 5 AtDflSJlri&gStL ffc^r, TMA?it&, 
T«^ilt->7>*'^ffll\ Sil;ixi0 10 
1 9 /cm 3 F-^tfcGaN*2 5A©WrcflSfi3 
Wc. COS^^SCC^OjROr, WKMl. 2 urn 
<D&m-mi££<0UZ>nM* ; 7-» F)i3 7 4fiSfi3# 

[0 0 4 1 ] #CC, fig 1 0 5 0 "CT, M£M/*itTM 
G, 7y*~7*mi,\ 7>F-7'©GaN<J:')&£n 
M#/F«3 8?0. 2 u m©Jf*rCJSS<5ti-A:. 

[0 0 4 2 ] fig?: 8 0 0 "CGC U Mf4#*4CT 

MG, TMI&tf7>*-7*ffl(,>. 
>#*?ffilA S i £5x l 0' 8 /cm 3 F-7"Ufc 20 

In 0 . o 6 Ga 0 . s s N<fc»3)Q:S»e)i (B«) * 

1 0 0A©JDrC!&63-tffc. ~>7>#'X£it 
». 7>F-7'©I n 0 . a Ga, . 8 N«fc«3ttS#F 
1 (Wl) *4 0A©«Wtr«fiS**. »S)f£#F 
lift. Bl-Wl-Bl-W«-B®cD]l(CfSlL, 
®SJ¥ 3 8 0 A©£fiS^#F#il!©r£ttli3 9 

[0 0 4 3] &fc. fig 8 0 0°C-C. M*4#*itTM 
A, TMGR^r^tiTiffll,!, Wft^iltC 
p 2 Mg (-^P^^i-.M/V^i^A) 30 
IA Mg? 1 x 1 0 2 0 /cm 3 F-7'0fcA 1 0 . 3 
Ga, . 7 N<fcf)&§pS*+7:7'Ji4 0?3 0 0A© 

[0 04 4] &fc. fig£l 0 5 0°CICLX, 
tCTMG, 7>*.=-7£ffil>, 7>F-7'©GaN<fc>3 

fc 0 COpI*'-fFlB, 7> F-^iOTJKfiiSttfc 
P S* + f 7 p »40*'6OMgOffllR{Cj:*) 1 Mg 
x 1 0 ' 8 /cm 3 £fc»J pS*5*T. 
[0 04 5] ^5C, fiffil 0 5 0'GC, Jgrf4#*KTM 40 
A. TMG&t>*7>*~7?ffll<\ 7>F-7'©A1 
o . , Ga, . , N?2 5A©JgJTrj&63tf > «t» 
T, TMA*±«>. ^fit^il/tCpa Mg?J3 
t,\ Mg? 1 x l 0 2 0 /cm 3 F-7'lfcGaN*2 
5AO«WC»SS3-l*yt. C©»ft*SEfc**!3iE0 

[0 04 6] figl 0 5 o°cr, M*4#*itTM 
G, 7>*-7^ffll>. 7WXiUCp 2 Mg? 
fflt,\ Mg? 1 X 1 0 2 0 /cm 3 F-7'LfcGaN «fc 50 
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0&5pS3>$? U14 3%2 5 A©lWClSfi3tt 
fc. 

[0 047] SJ6»7«. SlCSaWKfcOT. 

*3**h»*. 7 o o°c-c7^--';>^?tfi\ pS 

[0 04 8 ] fcU©<fc5KbTSfl^^{*£fifcfi3tt 

5?&te$-t±&/c#>icp^>*£' FJ14 3©-fflKcS 
iO z •?Z9iJ&j£b. RIE (KJfctt 

[0 04 9 ] 3 «±!Opf3>^ >7 FH43© 
Hffi£, StBL/cnM3>^^ FH3 5©^ffi(c > §?S 
©ff^©vx^?/ru-r, pMS{»«#S(C, lis 
1. 5ym©XF7-f^6ftSSi0 2 vx^eM 
Uc D S i 0 2 vXjrgf&ft. RIE?ffll\ pS*? 
? F)14 2£pM#-( F14 1 £©^ffittifig-C:£ ? 9^ 
>4^*ffC>. Ml. 5 um©X F 5 7"tt©zSi£Sg (■; 

[0 0 5 0 ] ') ilWfSSi. S i 0 2 7^*%fttffc* 
*. pSHtWiftlOilKZrO, «fc»JttS*l 
©*6»S6 0?-Jf5l>5cL/c„ C©»l©IMtll6 0«. S 

a{t»2»ftl©^ffi{C^fiSL-C^J:^. ft 1 ©MINI 

H4 3lKMl/fcS i O z 7X^^»SU V 
v h*7ffi(c<fc»)S i 0 2 ££&«:, p£:a 
43 (3&tcttng:3>**Mi35±) KWZrO 
2 C©Z r0 2 B, 4^«OXUH1IHMiB 

©ffi^MRt>'*£SlfflM©«l£lg £ b X . 1 o©X 

[0 05 1 1 3CK. pS3»*H4 3lO'Jjyi 
affii- ftl©IMt«6 0K:«OTN i/Au<fc!3tt4 
p«J«S5 0%Xh5-f^tt(C»jaiyfc. nS3 
>£?FJg3 5±©affi (&O'ffn©*fM6 0(Cj£L 
■C) KT i /A 1 J:0tt*nflM*S5 1** F5-f7"tt 

(cj^issi/fc. ch6*jgi*fft. zti^tizmm ■■ wmv 

8 0 : 2 0©*J£-C, 6 0 0-C-C7^-';>^l>rpWJ 
5 0 £ nfflijm«5 1 *£&ftLT. 5 » 

[0 05 2 ] ^{C, S i 0 2 *>6tt3J&2©»l*K6 1 
*±fflfC^0. piJSffi5 0£nMmffi©-S|5?^^ 
fc^IKl/y^ F^r^b. F7^i ?5 1 >y-rSC£ 

t? . p mmm 5 0 £ n wwe 5 1 ©-su?:S m s 

C©S i 0 2 B 4 *|6W©36W»«llii©ffi5«BIRD e 
3tSSS1W«1B©WS««©-aJ £ L/ T . 1 o©Igt? » 

RK-r^c£^Biti-c*s 0 

[0053] m2<Dmmm6 1 »m, f«st 0 
iLrp«ttpMk«Miai»»±©»2©«tll6 1 
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m 6 1 cD-gpi n mmm 5 1 &a *> <t *> k i ^©ig-e 
n i *^aa«ti* iooo A©0twrj&£t,fc. s 

fcfc. «**©±K:T ii&»6&4>t'./7Ji*l 0 00 A 
©*/*?> t*tf"CAu*8 00 0A©IW"CJRlSLfc. 
[0 054] pllii nflH*S£*JBfiR0fc9:c^© 

^■vr^rm^mmbxi o umiufca, 

^©tfKKM&TfriSi?. Sfiffllfrfc^-tfK^+HI 
U ^*Hffi (1 1-001 ACfttttt©ISS©flWffiK: 
ffl^-rsffl=Mii> cc£jiS4fBKt,fc. c©±w« 
x»^>yKj:or»ia83h&fc©"rfeJ:t». 10 

[0 0 5 5 ] XK, «SI^©7fetHI«^ffi{C, ir 

it^o, z r o 2 frhbzm 1 ©ffiSWBti S i O 
, *>6&-5»2©ffiS»R*JKfiRL/fc. CCt, ffl© 
(55»lli»2©iBSI*it©W?«. **vt*a. 47 0 
Ai690A-C*2,. 3ESDI»ItCB. Xrc? 
**M*Jflt». Zr 0 2 ^6&£«K)£*ffMU 
t?, S i O a £Z r 0 2 <fc*£E«C3^78l , 10'tiKR 
t«*Jf5J&Ufc 0 CCr, ftSJFJU. *SJW«*«JdEr 
5S i 0 2 KiZ rO a m<DmWK, -eft-eft, 47 0 
Ai6 9 0Ai47 0At*^. ^Lt, SfgiCpflPM 20 

[0 0 5 6 ] fc6ftfcu-tf* : F-*fc-h5'>*fcRK 

U *ft*ft©«tt*7 4+-Ji<>f gfi 

■eu— !f»fi*K*fc. -?-©*££, Si(ci>nti/#i> 

«2. 2kA/cm ! , 0*d>tt«E4. 2 Vt, IBS 
&ft4 0 0 nm©SmUnb>HB3tl. **Btt«W© 
^©ST-iit^T 1 . 8f&K:i«j±Ofc. Sfc. 

fs**^^o-^ja*«fie* titers o%©fa±# 
frhtitc en €>©«**>*>, c©^**^-«i«tH^u 30 

[0 0 5 7 ]Hftfi]2. 02*^1,^ lt«za 

Lt7> F-7'GaNJI©<&£U Cft*S«l lib 
fc„ ffiU 7>K-^GaN)13 4*(Sfi3ttSIB©« 
Jftt80/im£bfc. 
[0 0 5 8 ] SSI 0 5 0°CT\ Mf^CtfXJCT 

mg, r>*-7*fflt,\ TMWrtzicisvytfxzm 

l\ S i *3 x 1 0 1 8 /cm 3 F-T'lfcGaN*?) 40 
&SnS:a>**hJIl 243 wmOlWWJSfiStt 

fc. 

[0 0 5 9 ] fig?: 8 0 0 °CiC LT. JSOS^K 

tmg, tmi ( h im*;W>s^/0 &y\r>*- 
7*fflU. ^N6^^{Cf7>^X4ffll\ Si*5x 
1 0 1 8 /cm 3 F-7'Ufc In 0 . ■ * Ga„ . a . 
NiOttid'^^i'BihJtl 3SWO. 1 Mmtffifi 

[0 0 6 0 ] ^{C. SlBSSrt^TkSRSHmi U fig 
£ 1 0 5 CCKl/T:, JSJfttfaKTMA. TMG&0*7 50 



>*-7*fflt,>. 7>F-7*©Alo. . « Ga 
o . 8 ■ N*2 SAOgWCfiRfiStt. *tlr»T. TMA 
*lt«>> »*'Xilt'>7>**X§ffll\ Si*l 
xiO'Vcm 1 F-7*UcGaN*2 5 A©HWC 

N*l. 2*im©jH*F«fiJ:0ft*nfid'5»F)il 
4*(&g3ii7c 0 

[0 0 6 1] figl 0 5 0°CT. JBfltfaKTM 

G, 7> ; fc-7*fli<r\ 7> F-7'©Ga NJ^ &£n 
15 40. 1 /zm©MJirfiXS3-&7c„ 

[0 06 2 ] fig* 8 0 0 "CIC U M£M/XCCT 

MG, TMI&0*7>*~7*ffil\ -mMiiW^v 
>#***/BU Si*5xl0 ,8 /cm 3 F-7'L/c 

ln 0 . o , Ga 0 . . « NJ:5ft«MW*5 0A© 
JWTOiSfiStffc. ttt,»T. S i F-7"©I n 0 . ■ s 
Ga,. as NJ:0&&#P)f*2 0A©MI¥-CJ&fi3 
ttfc. e©«ft*4iat*giiu *«cc»SJi*8l , fO 
fcfcgBW 3 3 0 A©£S»7#Ft$»©rSttJl 1 6 *$ 

[oo63]*tc fig8oo°cr, mmuzicTM 

A. TMGRtf7>*~7*ffll\ ^WXtLtC 
p 2 Mg (J/fO'<>jry*-Av^*S/'>A) *ffi 
Mg*l x l 0 2 0 /cm 3 F-^L/cA 1 0 . » 
Ga,. , NJ:0*Spa*+»^)ll 7*2 0 0A© 

[0 0 6 4 ] &k. fig* i o 5 o°ctcur, M*4#.x 

KTMG, 7>*-7*/B(,>, 7>F~"7'©GaN<£D 
teZpmX-i KSl 8*0. 1 w m©M/?TfiXS§-t± 
fc 0 COpfi^-fFIB, 7>F-7*£LTl&g;*tt7c 
pS+t?^il 7*>6©Mg©J£»tCJ:*3. Mg 
&g#s 1 x i o 1 8 /cm 3 ittOpS*^-r. 
[0 0 6 5] &{C, fig 1 0 5 0 °CV. JRR^KTM 
A, TMGRO*7>*^7*ffi^ l 7>F-7'©A1 
o . , 4 Ga, . , . N£2 5A©HJrc$fi$-tt, 

t,\ Mg* 1 x l o 2 0 / cm 3 F-^l/fcGaN4 2 
5A©*Wr«dEfi3-&fc. C©*fP4SSKtt0iEO 

«SOT0. Bwm©ia»f-flKSJ:>3&4pS4'7y 
Fill 9*fiSS3#/c„ 

[0 0 6 6 ] ^(C. figl 0 5 0°C-C\ JH4^(CTM 
G, 7>*-7ftffll>. ^WXiUtCp 2 Mg* 
ffll^ Mg*ixi0 2 0 /cm 3 F — 7'LfcG a N J; 
VtjiZpm^yZ? hM2 0*0. 0 5<imOWrC)S 

[0 0 6 7 ] SJ£»7«. KlESSrtfcfcl^T. fi^ 

*^*#aa*, 7 o o-ce7--y>y*m^ pi 

»*S6Kfgffitix{bU/c 0 

[0068] w±©<fc 5 «c ura{t^*«ft*fi£fi3 -e 
2**W3-&ayt»Kpa=i>dtd; h)i2 o©-»fcs 
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1 0 2 vy^SrffJj&U RIEKti^f>^TC\ 
[0 0 6 9] 3 filOpi3>^^ F*20© 

1. 5 umOX h7^^"*»6tt*S i 0 2 v^^*»Jdt 
L/c„ SiOz -y^^Mt, RIEtll*. pSSf? 
?Fil9ip SW-f KM 1 8 t©Pffitfjfi£ ti ? ? 

> y*m>. « i . 5 Mm©* h ^ >r -f^aymm < u 

[0 07 0] &fc. pS3>^ d> M120±©'J 
SBCN i/AuJ:«J&SpilM2 3£* 
KJfcSLfc. ni3>^ni3 5i©»CT 

l/A 1 <fc9&3nffljfiffi2 2£*h^7m^l/ 
fc 0 Cft6£M£, *h*ti*H«:iBlS3W8 0 : 2 
0©fJl=rr, 6 0 0°C-C7--'J>^UTpffliM1i2 3 
inlW*fi2 2*^k0r > 2 

[0 0 7 1] SiO, 6 2 1 

IcBf&L, p flW «fi 2 3 ©-» £ n 1H«S 2 2 * fift, > tc 

-C, pffij«ffi2 3©-SPi nffl«&2 2 £3Sffii*ttfc. 
C©S i 0 2 ». *^©^tB*ff,imffl©<S5lt)iRO* 

^jg»fflj^ffi©issw^©-gi3 at, i rxoxm-vm 

[0 0 7 2] pffiMK£nfflK«£*«aLfc9x"© 
1f7 7-f7afi*«FBOT7 0uni£Lfc«, * h 5 -Y 

U ^+^ffi ( 1 1 - 0 Offi. 7\fttt«©^ B B B ©WJECC 

i-^>^c«fcoT0fiS3nfcfc©-CfcJ;^„ 
[0 0 7 3] £Jg»©36fflttlW«fflK:. XA, 3? 
gg£ffll\ Z r 0 2 1 ©ffiRttJgi S i 0 

2 *»6&S3S2©ffiJ5*tK*J&R0fc. CCt, »1© 

{&mmtm2(D{&mm<DmmicZ> 470 

Ai6 9 0AtW. ^Kllffl'JigffiStW, 

Zr0 2 *>P>&3ffi»&JIMU 
T s Si0 2 £Zr0 2 i«rSSfC3^Tfll)10riS5 

£s 1 o 2 mtz r o 2 n©i&J¥»> *n-eti. 470 

Ai 6 9 0 Ai4 7 0 AVJbZ, ^LT. ftfttCpffil* 
[0 0 7 4] f§6ftfcU-1f*^£fc-Fi'>*K:Ra 

■cu— «riai*K*fc. -&©*§*, ajnc*ii»rL*i» 

(12. 2 k A/cm 2 . 0*C>|fi«E4. 2VT, &g 

o o nm<bmtmBtimmzt\. I&ffrtttfctftW© 

fi£*©*T-iJ:b^-C2. OtefcloLtOfc. 

*£Jt^T3 0K©ffl±##&hfc. enseals** 
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[0 0 7 5 ] HW13 . 0 1 iC^-T «fc 
mi\ MOCVDSKK-fe? rU ?Sg 1 0 5 0 °CT 1 

oaiw©?— ?;u* -~>^£m>*#^i?ffi©Ft*f 
-A©jw*rj$ssi*fc. *©». 7>F-7>6&£ 

GaNJg* 1 0 5 0°CT?)gJf 2 0 nm-CMUii. 
[0 0 7 6 ] »W F7^KStfBitdr*j/t;waEfi 
(HVPE) SBfC-fe* FU Ga^^El^-h 

*3GaC 1 a ££fi£U &KN#*W£tyT©7>*- 
7#*£5j£i*1i> 7>F-7"GaN«fc>}&**2©G 
aNB£2 0 0 ym©lS)lrSS5tfc„ 
[0 0 7 7 J &KS i F-^3&»6ft«naSMfc***» 
H3 5*»6*±»©pM3>* * M14 3 *fl&$TaS 

[0 0 7 8 ] p§t3>$i'hS4 3 3E-C4^L > ffiifi 

[0 07 9 ] §P>CC*±l©p^3>^^ h®4 3©* 
ffii, IItUOfcn£=i>*d> h»3 5©±ffiK» irS© 

#K©vx**rt-ot. psa{b«*3Wt»cc. mi. 

5 wm©X h7-f^*6tt4S i 0 2 vX^^tfcL 
/c S i O z 7^lriM, R I E&RfrK pMfv-y 
F»4 2ipS#-f F»4 1 £©#HBttjfi£-ei»*> 

y*tf t». mi. 5u m©x h 9 ^ ^mmm ( y » 

[0 0 8 0 ] S i 0 2 vZZZmtct 

*. S6fCSiO, vX^fcftfflltffiKfcJIM-fSo 3 
6fCpSMjb«J^I(*Jl©aiBCCZrO, «toas»i 
©ttlMlB 0%JI5liROA:. C©» 1 ©!6i»Bl6 0». $ 

fnfflj*«5 i msm*-?^?^ xmi <Dmmm6 
^t»«{*^©^ffica5fiX0-CtJ;^ o mi©*fe»M 
j&SSL ^»7T-F7 7Mtci»i»or. p13>^ 

hS4 3±tc}f^LfcS i 0 2 v^f*»lBB*L. »; 
7 F*7ffiKJ:»3S i O, iifeiC, pSn>jr*MB 
43 (3iE>5C(JnM3>*i' hM3 5±) KftSZrO 
2 ^ISlfc. C©Z r0 2 tt> *JS*tfBi|^ffi©{Slf)i 

[0 08 1 ] ^KpS3>f* hJ14 3±©U 
ffii » 1 ©ffi^JS 6 0 K« LT N i / A u J: *) % & p {ffl 

[0 08 2] -*ni3>^ FJ13 5±©«ffi (fecfc 
O*mi©tei^K6 0©«ffi) KT i/A 1 <fc9&*nflM 

[0 0 8 3 ] Ctlh&m&L Ztl?m* : ^**8 
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0 : 2 0 Om^iV, BOO'CtT^-'Jy^Utpill 
S5 0 t nfflW«5 1 £££{tLT. 80%:*- Sj> 

[ o o 8 4 ] #cc 7 s«iiiBJ:cwew«iiiiKi/y 

X^ML, ^20^116 1 ibTS i 0 2 iZr 
0 2 £©£lllg£-eft-eft©ISW#6 9 0A4470 A 

>&3ftfcZ rOz . S i 0 2 iZ r 0 2 ©£J1 

[0085]fc>t, Ut>Xh*iSU ;<5K«fi7 10 

oiup fflij« P mmimm#m±om 2 <ommm e 

l*j«fctfp«WS5 0*«5J:9fc. £fcnffiiJtilB2© 
IMMS6 1 O-SBi nffl!WS5 1 ££-5 <fc 5 K 1 ^©1 
STN i *>6fiU4flS»)14 1 0 OA, T i fr^ftS^'J 
7Jf£l OOOA, Au£8 0 0 0A©|girt«L 

fc. 

[0 08 6] ^c, jR^-i^v^ko^-rc^^K. * 
)i f ^ * - > £ & a <t -5 k as*#*a ^ & (,> <fc *i ft&a 

vx.v?y?tz, colsmtbxu, £?#Xy?y 20 

Xh) . SfcfCtltWT. IlCl/^ F±iCS i 0 2 . 
36ic|fl2©U^X h*0fiW4. SStfTR I Etc J: 

Si0 2 4i';f>yi36tCimi7?>^ 
(DG r JTtmm ZfCR IEKiUxj 

f->^-r^o fcaccsui©^* F£Bfcfe (ficuy 

[0 0 8 7] *{cffi«liflW©u-tfffl»ffl*»< 
L>yx|-4&ftU ^^jJ8KII>, ZrO,*6 
&S*l©ffiJK*fBI£S i 0 2 *>6tt5»2©fiS«il 30 
**ft*ft47 0A£ 6 9 0A©W*rj|SfiSU U^X 

F£&fc£Lft 0 

[0 0 8 8 ] ^LT, ft&Kt^T-rmfflffifcft-' 

^tufc. t#6nytu-if*^©«ttJ*iii6«i itau 

latere* 

[0 08 9] H*W4 

*Afflit5t7r-frlS*m>. MOCVDSgtK 

i27hu. ski 0 5 o'cri oftffl<Dy--—7JH")- 40 
~>**m>*#*3*ii©#*»£i»*ofc. 

[0 0 9 0] ^KfiK5 1 O-CtCLT, +t'J7^K 

l\ GaN<fc0tt4'<?5rl4200t>WH3- 
A©HJf-C)SS?-fi-/Co *©fl. 7>F-^*5G 
aNJf£ 1 0 5 0"Ct?JgJ12 0 amt^l/fc. 
[0 0 9 1 ] acK'W F^ K affix tf^ + i' + JUSfi 
(HVPE) SSSfc-fe? FU Ga^*^*53£#-h 

f)GaC 1 3 ££fi£U &KN#XS£LT©7>*x 50 



y?PO->7> (S i H 2 C 1 2 ) UZ&KilK S i F* 
-^GaN«fcOft5»2©GaNJi*2 0 0 ym©JSJ¥ 

[0 0 9 2 ] yttc, f#f>ft/t3x/N-£Jffi©1f7 7^ 
r*WStC«fcDI**U. Si F-^GaN^^ftSW 
*$£f#fc„ fcfcS i F-7>6ft£nM^t*£ift 
J13 5 4»6UJlOpS3>fj'H43*Mt5j! 

[0 0 9 3 ] 3 6(Cg±g(DpSn>^^ F®4 3©^ 

ittovx^^lt, pSiftMiftIK, Ml. 
5 umfflX F7-f7>6ft&S i 0 2 vZt&Btill, 
ft. S i 0 2 vX^M, R I E*JBl>. pS?7f 
KH4 2£pS#<( FS4 1 i©ffiffiJti^> 

y*m», *i i • 5<i m ©x f 7 ^ ymmm ( y » 

[0 0 9 4] y pSHtPiftlcil 

KZr0 2 t fc0ft5»l©*ft»J86 0 4^fiS;L'fc. c© 
fln©M*ft6 0«> *-rnlW«*5 l^JiRiB*^* 
LTSS 1 ©*&*SH6 0 £!g{t»$ftJS©£fflK:flML 
X i> J: (,». ft 1 ©MMBlffift. '< » 7 r - F 7 ? Mtc 
pi3>j!^ F14 3±tCjfJfiXLfcS i 0 2 
■7z.?z®M®£b, >)7 btymic^t) s i 0 2 ££ 
fete, pM3>f^FB43 (SWIinSa^f F 
S3 5±) K*4Z r 0 2 *&3kUc. C©Z r O 

[0 0 9 5 ] ^KpSa^f? FJ14 3±©'J 
fflimi©lfti»)S6 0«CSLTN i/AuJ;OftSpf»J 
mffi 5 0 * X F v A VWCf&b b tc. 

[0 09 6 ] -^nM3>^i; FH3 5±©^ffi (*»«fc 
CWH©«IMlB0©aiB) CCT i/A 1 iO&Snffll 
Sffi 5 1 i X F 5 -f 7*tttCffM L fc„ 

[0 0 9 7 ] Cftfc*J&dSSL ^ti^nSIJg : SBR*«8 
0 : 2 0O|(^t, 6 0 0°CCT--y>^L/-rpffJ« 
ffi5 0 t nffl«®5 1 *^*ffcLr. S»ft*- 5 » f 
atKU y^fi*ffliCUyxF=&*fe^L. 9 
2©|g^)S6 1 iltS i 0 2 iBf&Ltc. 

[0 09 8] m^X, U^XF£Bfc£U ^»K«S7 

o t lt p [lit* p sg{b^¥«»s±©® 2 (om&m 6 

lfcJ:^pfflijmffi5 O^S^cfc^K, ^fcnfflij«^2© 

mmme 1 ©-sp£ nfflw«5 1 <fc^(c 1 -^©x 

g-CN i a»6J$Saf#Jl* 1 0 0 A, T i *>6ftS^*y 
T©* 1000 A, Au*8000 A©Si)?t?»R£U 

[0 09 9 ] ^K^x^SrS i H-^GaNifi»6 

^+^ffi ( 1 1 - 0 Offi, 7Afttttt©fifi©flHiBKfflS 
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[0100] ftSUCD^ffiltffliJ^ffiiC, X^9 * 

gg£ffl^, ZrO, *6&4»l©fiS«iliS iO 
, *p6&3$&2©ffiJ^ll*J&£Ufc. C©i**W« 
fflttBffiB*^'? fSB©*-"?-; HC^lnl-rii^KR 

gfSo ccr, 3n©ffi5IMi!&2©{g£#fJS©JS 

Wtt. ^-ft^ft, 4 7 0Ai6 9 OAf 

0 , *SftHW«fflK Z r O , *> 6 & S b . 
-X^X\ Si0 2 iZrO, <t*SS{c3^T8l»L-r 
TKEMtmim&blt. "t, ftSR£. 

jfcrssio. iitz ro, *©iWB. -eti-en. 4 

70Ai6 9 0Ai4TOAt*?>, fit, MftKp 

[0102] »6ftfcU-1f*f*fc-hi/>*KBW 

ffl2. 2kA/cm ! . ls»l>fME4. 2Vt, fS« 
&S4 0 0 nmOglRIBiStfMlSSft. JfffrBit^M© 
^©JR^iJfc^T 1 . 8fflFJCiaj±0fc. 

i ib^T^Ti* < ft o - ffl#!$tt© 

«■* x o - vwmrm. t a^x 3 o %©isj±# 
[0103] mms 

£Affii-r£-y-7 7-Y7»1g£ffll>. MOCVD^gCC 
42 -y HO, SSI 0 5 0°Cri 0#f8J©lJ--v;l/?'j- 

- > (r>*^¥>affl©ffll«J*l»* 0 fc. 

[0104] %<Cfift5 1 0°CiCOT, ++>;7^ic 

1, \ GaNJ:«3ttS^97T)B42 0 0*>^ ha- 
A©IIJrcjSS3-&fc. *©«. 7>F-^*>6tt*G 
aNK 1 0 5 0-Cri)?2 0 nm-CJ&SOfc. 
[0105] F5-f FSMBxbr**i'i'*flE* 
(HVPE) «BtC-fev F 0, Gay *;H&53I>J<- F 

KfliSO. Apy>^KHC l#X*J8<r»4C£KJ; 
OGaC 1 3 ££Jj£U 'XicN^igiL.t07>t- 
T**XiSl£2+i, 3 6{cJWi©T>F-^*>6ttSG 
aNJi£2 0 0 um©Jg/rej£S3i*;fc. 
[0106] S i F"^6WnlIt«i 

(MI3 5*>6*JJi©pSl3>*i'hJi4 3*»]afr4 

[0107] pS3>W H43JteML. Ififfi 

15 X F5-f TWcRfflUfc. COX? ?>inc<fc0, ft 

[0108] 36«:«Ui©pa3>f f FJP4 3©^ 
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I£, SfflLfcnS3>^i'H3 5©^I(C, ffifcO 

5nm0^h7-f^6ft5S i 0 2 
fc„ S i 0 2 vx^lM, R I EfcJBO. pS^5 9 
K»4 2£pg#4 FH4 1 iOIHBtfifi*?*??:/ 

y*m>. si. 5 h m©x h -7 a -Jwowm ( y » 
[0109] y r^iii, pmmm¥mtem<D$m 

KZrO* 4470A, 3 6KSiOa*690AtZ 
r0 2 £4 7 0 A©ffi^M^3^7iWcfl 
L, IlOM6 0iLfc. C©»l©lfiilW6 0 
B, £T:&aSlffiiMffi£vx^Tm©*&»gl6 0£ 
^b«»*#f*)i©±iB{cJ&fiSOrfca<. *©»£SU 
©IMtWftiKSt ^9 7T-F7 9BtK»aiOT. pS 
rO** FS4 3±KMUcS i0 2 ?X?^g» 
*U 'J7 h*7ffiK«fc»)S i 0, p»> 
2*FJ143> ftttlffiiJgtffi, S6Kttn3!:3>** 
h»3 5±K*«Z r 0 2 £Bfc*L/c, 
[0 110] ScKHlOl/i?* F***©*?^-^ 

0 2 *»&&4v*i»*Jfo£U 3 6{C-e©±K*2©U 

/Co c©i m 1 © i^x FBttilffiiiffltf ffiftftSJ: 

CT. S"f S i 0 2 £R I EKJ:9:£7*>f U S i 

o 2 sttiffl©s io, *i$su Miouyxh*! 
«Mi3tirftt». mwmfcmnmiR i EtCcto 
Sfi©^7r-fr*i*wr4*rx7^>y-f4. c© 

x 9 d/(C ± 0 UJttttififflBtiJMMiSJ: 0 *U*HB. 

¥ y +• y ©a{k«f*«#)i*Jx 9 0 1^*3 n 

/< * - > 5 c 4 * €. . mmcm 1 © u v> * 

F^^Bii-rSCiT. Si0 2 , ®2©U> ; ^ h©v 
[0111] TttHSffiffi'J^S^fec^-C, 4>&< i 

t y 9 ygp, 7tw«gi5©*-* 5 Sffl-r^ «fc 5 k u^* f ic 

J;i3^'3f-^>^L. *©±(c^^v*3S«t>fflt>. Z 
rO, tSiO, **h-eh*a«*I^K»0-C. 4 7 
OA £6 9 0A©H/rej&J«Ofc. *»Kl/*^ hM^ 
^*-r^Cit?, 3tUi*tSffiKZ r0 2 iS i 0 2 ^, 
ftSHiftffltCZ rO, i> SiO, iZrO,©*l# 
3-^Ti*W$n/c 0 

[0 112] *»K^»^-fXK^to«r^*--> 

[0113] *«6. XUH«RiBKffiSMM«»Jfi 
Lttfroytfitfl-ti. HJt«2iH«©^ffitcj:i) > u- 
so -ifiST-iffHo. Sfir u-!«ME*tt*fc. -e©S 
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JH, ^S&tfcl->-tL£t,Mit2. 2kA/cm 2 . L^^ 
fflmE4 . 2 V-C, «f£ft4 0 0 n mOil^Jg^tt 
#^«tb^!l©ffi*©^iib-<-C2. OteCt 

[oii4] mm. mmmmitmLtttmcmm 

*l>ffl2. Ok A/cm 2 . L*l>fi«E4. OVT, 10 
$Mm§t4 0 0 nmOl«»25n, ^firsts 

iooo n$iHua±*jj*ofc. 

[0115] 

2*&Mm^z> ytmmmmc. ^btfy^Aj^is 

©B±©S&l©ffiE«li4. Zr0 2 , MgO, Ah 
O, , Si 3 N,, A 1 N. RtfMgF 2 frfcatitifc 

^rn^iflt©tt*4-cjfML-fc©r, xp-?ifii 20 
*%ifij±s-iisci*5'e*. *ttJ#rKra*tt©i6*JR 

[0 1 1 6] Sfc. #»E©tt{l:#';*A*«fc#F 
». *l©ffi5»ll*. Z r0 2 ,S is N* , RVA 
1 N*»6il«tifcl»1"n*> 1 «©*m-C0fi!tl/. § h 
K. »1 ©fiS*fR©±K:. S i 0 2 , A 1 j O s , M 
gO, &£>*MgF 2 fr6a«ttfcl,^ftfr l«#>6ft& 

*2©ffisi«*»iftr**5Ki/fc©-e. mM*<o 

[0 1 1 7 ] *»W©«t#y?A3R»3fc» : f 30 

». TfeHiWffliJWc, MgO, Al, O, . MMgF 

[0 1 1 8] Sfc. #^©S{t#';9A*«fc#f 
tt. 3tSWflW*l!{C. ZrOz , MgO, S ij N t , 
A IN, SO"MgF 2 frhM&tltm-rtlfrimfrhft 
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coiiQ] ^wmmttiv^^mM* 

«. *WW1IKB, ^btf'^AJ: 9 

W*4 2JifcU:©<£Ei«i#. *UJWffliMffi*^fflSr$ 

*sj«(cfi < ft s <fc 5 teas § n , *t±i*H»jMffl©i:±© 

mi©fiS«)i* s > Z r0 2 , MgO, A 1 2 Os , S 
i 3 N 4 , A 1 N&i>'MgF 2 frhMtttltc\,r?tl1r>l 

mfrhm. ftimmmwic^ z r o 2 , Mgo, s 

1 3 N 4 . A 1 NRO'Mg F 2 frhmtttltc^Tftfr 1 

JBB)E;**rtft&J:5K:t,fc©'C. SK, »W^ftB$tc 
•2>o 

[oi2o]jfc, *iHB©a{b^>; <5J±?kmM* 

ft> S 1 0 2 iZ r 0 2 «L?c©T, iS£»Jf©K 
»¥%Ks!>rffl*4«fc9l^±S-&5Ci**"C*4. 
[HflS©1BH*fta»JliJ 

[0 1 ] *»«©£*©»« 1 KflsSSfttf 'J 9 A* 

[H2 ] #8W©f«fc©J&« 1 fc«4»t#'; fA* 
**3R^F ©«Jg*^-r«SWriiHt?* 4. 
[0 3 ] *»W©Htt©3eS82 {cftiSfb^'J V AS 

©«js*^-r^aa-c* s. 
[04] *^©nife©^2^4^b^ , ;'5AS 

IBfeJR* ©«ig^^1-«S»rffl0r * 5. 
[0 5] 8E*©S{fc#>; $ A*»*3R^©«HSft^1- 

1,2 SM'i^SW, 11 GaN» 
12,35 nM3>2? hJI, 13,36 i^y^l* 
±Ji. 14,37 15,3 8n£i#-Y 

FJf> 16,39 ffiffll. 17,40 pS*t^ 

I, 1 8 ,4 1 pS#^f Fl. 19,42 pfi?9?F 

II, 20,43 pSa:/**^ 2 1 IfefclBS. 2 
2,5 1 nfflijm®, 2 3,5 0 pfflij^«> 31 tf? 
T^frli, 3 2 ;<>7ri. 3 3 ,34 7> F— 
^GaNl, 6 0 *l©IMtR. 6 1 S&2©*g» 
H. 7 0 8 0 »M£5tilt> 8 1 g 
1©SW*. 8 2 ®2©K»H. 9 0 9 1 

mmm, 92 <^*r*w£ft@9r*«©8Mit. 




[192] 



[S3] 



